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(57) A multi-bored flat tube (1) has outermost unit 
passages (11 A) located at both ends of the tube (1) and 
intermediate unit passages (1 1) between the outermost 
unit passages. The outermost unit passage (11 A) has a 
circular-based inner surface (12) in cross-section, such 
as a circumferentially smooth curved shape in cross- 
section like a perfect circular shape or elliptical shape, 
or has a circular-based inner surface (12) in cross-sec- 



tion having a plurality of inner fins (15) extending in a 
longitudinal direction of the tube. The intermediate unit 
passage (11) has a non-circular based cross-sectional 
shape, such as rectangular, triangular, trapezoidal, or 
circular based shape including a plurality of inner fins 
(15). The tube (1) is strong against being hit by a stone 
and has a high heat exchanging performance. 
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Descrlptl n 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a multi-bored flat 
tube for use in a heat-exchanger and, more particular^ 
to a multi-bored flat tube made of a fetal such as an alu- 
minum for use in a condenser for an air conditioner. The 
present invention further relates to a heat exchanger 
including the multi-bored flat tubes. 

2. Description of the Related Art 

Figs. 14(A)-(C) show cross-sectional views of a 
conventional multi-bored flat tube of this kind. The multi- 
bored flat tube 51 is made by extruding an aluminum. 
The tube 51 has a peripheral wall 52 having an elon- 
gated circular cross-sectional shape and a plurality of 
divisional wall 53, 53a connecting flat wall portions 52a, 
52a of the peripheral wall 52. The divisional walls 53 
divide an inside space of the tube 51 to form a plurality 
of unit passages 54, 55 arranged in a lateral direction of 
the tube 51 . Each divisional wall 53, 53a has a constant 
thickness along the height thereof so that a contact area 
with the heat exchanging medium can be enlarged, 
thereby enhancing the heat exchanging performance of 
the tube 51. The tube 51 includes outermost unit pas- 
sages 54, 54 and intermediate unit passages 55 located 
between the outermost unit passages 54, 54. Each 
intermediate passage 55 has a rectangular cross-sec- 
tional shape, and each outermost unit passage 54 has 
a semi-circular cross-sectional shape at a lateral out- 
side portion and a rectangular cross-sectional shape at 
lateral inside portion. Further, each portion of the tube 
51, i.e., the peripheral wall 52 and the divisional walls 
53, 53a, are formed to be as thin as possible for the pur- 
pose of lightening the weight of the tube 51 . 

Japanese unexamined Utility Model Publication No. 
S60-196181 and Japanese examined Utility Model Pub- 
lication No. H3-45034 disclose a tube having unit pas- 
sages with inner fins formed on an inner surface of each 
unit passage to enlarge a contact area with the heat 
exchanging medium for the purpose of enhancing the 
heat exchanging performance. For example, as shown 
in Figs. 15A and 15B, a tube 52 has a plurality of inner 
fins 62 formed on the inner surface of the unit passages 
54, 55 surrounded by the peripheral wall 52 and the divi- 
sional walls 53, 53a. Each fin 62 has a triangular cross- 
sectional shape and extends in the longitudinal direction 
of the tube 61. 

Japanese unexamined Patent Publication No. H5- 
215482 discloses another type of heat exchanging 
multi-bored flat tube. The tube has a plurality of unit 
passages each having a round cross-sectional shape 
for the purpose of equalizing the flow speed of the heat 
exchanging medium and lowering the flow resistance of 



the heat exchanging medium in each unit passage. In 
Figs. 14 and 15, the reference numeral 57 denotes a 
corrugate fin interposed between the adjacent tubes 61 . 
In a heat exchanger including the above-mentioned 

5 flat tubes 51 , 61 , a stress caused by an inner pressure 
of the heat exchanging medium passing through the 
tube 15 concentrated on connecting portions between 
the divisional wall 53, 53a and the peripheral wall 52. 
The lateral middle portion of the tube 51, 61 can with- 

10 stand such a stress because the flat wall portions 52a of 
the peripheral wall 52 are supported and reinforced by 
the corrugate fins 57, 57. However, the lateral end por- 
tions of the tube 51, 61 are not strong enough to with- 
stand such a stress because reinforcing effects 

is obtained by the corrugate fins 57, 57 are not enough. 
Therefore, such a stress tends to be concentrated on 
the connecting portions between the outermost dividing 
wall 53a and the peripheral wall 52 to cause a break- 
age. 

20 Further, as shown in Figs. 14B and 14C, the above- 
mentioned tubes used in a condenser mounted in an 
automobile may sometimes be damaged and cause 
leakage of the heat exchanging medium when a stone, 
or the like, hits the tube while the automobile is moving. 

25 The above-mentioned problems may be solved by 
thickening the dividing wall portion 53, 53a and the 
peripheral wall 52. However, this causes an increase in 
the tube weight, resulting in an increase in the heat 
exchanger weight. 

30 In a tube having a plurality of unit passages each 
having a perfect circular cross-sectional shape, a flow 
resistance of heat exchanging medium passing through 
the unit passage can be decreased and the pressure 
resistance can be improved. However, upper and lower 

35 portions of each dividing wall are thicker than the middle 
portion thereof, which requires larger amount of mate- 
rial for forming the tube, thereby increasing the manu- 
facturing costs. Further, within a limited tube thickness, 
a heat transferring area of the circular cross-sectional 

40 unit passage is smaller than that of the rectangular 
cross-sectional unit passage, resulting in a lower heat 
exchanging efficiency. 

SUMMARY OF THE INVENTION 

45 

The present invention has been made to overcome 
the disadvantages in the conventional multi-bored flat 
tube for use in a heat exchanger as described above. 

An object of the present invention is to provide a 
so multi-bored flat tube having an improved strength 
against a stone or the tike which hits the tube, and an 
excellent heat exchanging performance by keeping a 
large contact area with a heat exchanging medium. 

Another object of the present invention is to provide 
55 a heat exchanger including the above-mentioned flat 
tubes. 

According to the one aspect of the present inven- 
tion, the above-referenced objects can be achieved by a 
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mufti-bored flat tube for use in a heat exchanger, com- 
prising: 

a peripheral wall including flat wall portions facing 
each other at a certain distance and sidewall por- s 
tions connecting lateral ends of the flat wall por- 
tions; and 

dividing walls connecting the flat wall portions and 
dividing an inner space defined by the peripheral 
wall into a plurality of unit passages arranged in a 10 
lateral direction of the tube. 

The plurality of unit passages include outermost 
unit passages located at both lateral ends of the tube 
and intermediate unit passages located between the 15 
outermost unit passages. 

Each of the outermost unit passages has a circular- 
based inner surface in cross-section, and each of the 
intermediate unit passages has a non-circular inner sur- 
face in cross-section. 20 

In the tube according to the present invention, since 
the outermost unit passages have a circular-based 
inner surface in cross-section, a stress concentration on 
connecting portions between the outermost dividing 
wall and the peripheral wall can be decreased. Accord- 2s 
ingly, a high pressure resistance can be obtained 
throughout the tube. In a heat exchanger including the 
mufti-bored flat tube, a high pressure resistance can be 
obtained by the structure even at both lateral ends of the 
tube where reinforcing effect by the outer fins is not 30 
enough. 

In particular, when the outermost unit passage is 
designed to have a circular cross-sectional shape, an 
inner pressure of the heat exchanging medium passing 
through the passage acts on the inner surface of the 35 
passages equally in the circumferential direction 
thereof. Therefore, a higher pressure resistance can be 
obtained. This effect is remarkable when the outermost 
unit passage is designed to have a perfect circular 
shape. Furthermore, since the outermost unit passage 40 
is designed to have a circular-based inner surface in 
cross-section, a stress concentration on connecting 
portions between the outermost dividing wall and the 
peripheral wall can be reduced even when a small arti- 
cle such as a stone hits the tube. Consequently, the 45 
peripheral wall at the connecting portions can be pre- 
vented from being damaged, resulting in superior 
breaking strength against an outside stress caused 
when small article such as a stone hits the tube. 

The outermost unit passa g e may have a circumfer- so 
ential!7srno^~cu^e?shapeln cross-secfon.T hisj:ir- 
cumferentially sm ooth c urved shape in cross-section 
Includes variou s Kinds ot circular shapes such as a per- 
l lcTafaiiaT sH ^e, an elliptical shape, an elongajjx tcTr- 
c ular shape, cr the like. ss 

furthermore, the outermost unit passage may have 
a star-like shape in cross-section, i.e., a circular-based 
cross-sectional shape having a plurality of inner fins 
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extending in a longitudinal direction of the tube. In this 
case, the contact area with the refrigerant can be 
enlarged, thereby improving th heat exchange per- 
formance- 
Each of the intermediate unit passages is designed 
to have a non-circular inner surface in cross-section. 
This can prevent the thickness of upper and lower por- 
tions of the dividing wall from being thickened as com- 
pared to an intermediate unit passage having a circular- 
based inner surface, which results in a decreased 
amount of materials, thereby decreasing the weight and 
costs of the tube. In addition, within a limited thickness 
of the tube, a larger contact area with the heat exchang- 
ing medium can be obtained as compared to an inter- 
mediate unit passage having a circular inner surface, 
which in turn can obtain a high heat exchanging per- 
formance. In this specification, the word "non-circular" 
means other than circular and includes any kinds of 
shape, such as a triangular shape, a square shape, a 
trapezoidal shape, a star-like shape as well as a shape 
having uneven inside surfaces thereof 

The intermediate unit passage adjacent to the out- 
ermost unit passage may have a semi-circular inner sur- 
face at the outermost unit passage side. This can 
decrease a stress concentration on the connecting por- 
tions between the outermost dividing wall and the 
peripheral wall to improve the strength, whereby the 
peripheral wall at the connecting portions can effectively 
be prevented from being broken. 

The sidewall portion may have a rounded shape in 
cross-section and may be formed relatively thicker than 
the flat wall portions. This can prevent the sidewall por- 
tion from being broken or deformed when a small article 
such as a stone hits the sidewall portion. In addition, 
since the thickness of the flat wall portions is kept rela- 
tively thinner, an optimal heat transmission performance 
can be maintained and an increase in the weight can te 
avoided, resulting in a light-weight heat exchanger. Fur- 
ther, the structure does not cause an increased pres- 
sure loss of the heat exchanging medium. 

The intermediate unit passages may have a 
square, triangular, or trapezoidal shapes in cross-sec- 
tion. In the case of intermediate unit passages having 
triangular or trapezoidal shapes, it is preferable to invert 
the orientation of adjacent passages in order to have as 
many unit passages as possible. The intermediate unit 
passage can have a large heat transmission area as 
compared with a passage having a circular shape in 
cross-section, thereby improving the heat-exchanging 
efficiency. 

The intermediate unit passages may also have a 
star-like shape in cross-section, that is a circular-based 
shape having a plurality of inner fins extending in a lon- 
gitudinal direction of the tube. In this case, since the 
cross-section has a circular-based shape, a high per- 
formance of pressure-resistance can be obtained. Even 
though the cross-section has a circular-based shape, 
the passage can have a large heat transmission area 
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due to the inner fins. Even if the cross-section does not 
have a circular-based shape, the same effect can be 
obtained when the inner surface has a plurality of inner 
fins extending in a longitudinal direction of the tube. 

According to another aspect of the present inven- 
tion, the above-referenced objects can be achieved by a 
multi-bored flat tube for use in a heat- exchanger com- 
prising: 

a peripheral wall including flat wall portions facing 
with each other at a certain distance and sidewall 
portions connecting ends of the flat wall portions; 
and 

dividing walls connecting the flat wall portions and 
dividing an inside space defined by the peripheral 
wall into a plurality of unit passages arranged in a 
lateral direction of the tube, 

wherein the plurality of unit passages 
include outermost unit passages located at both lat- 
eral ends of the tube and intermediate unit pas- 
sages located between both the outermost unit 
passages, and 

wherein each of the outermost unit pas- 
sages has a circular-based inner surface in cross- 
section, and each of the intermediate unit passages 
has a modified inner surface in cross-section. 

In this case, since the outermost unit passages are 
designed to have a circular-based inner surface in 
cross-section, a stress concentration on the connecting 
portion between the outermost dividing wall and the 
peripheral wall can be reduced. A high performance of 
pressure resistance can be obtained throughout the 
tube, and a superior breaking strength against an out- 
side stress caused when a small article such as a stone 
hits the tube can be obtained. 

Furthermore, each of the intermediate unit pas- 
sages is designed to have a modified cross-sectional 
shape. This can prevent the thickness of upper and 
lower portions of the dividing wall from being thickened 
as compared to an intermediate unit passage having a 
circular inner surface in cross-section, which results in a 
decreased amount of material, thereby decreasing the 
weight and costs of the tube. In addition, within a limited 
thickness of the tube, a larger contact area with the heat 
exchanging medium can be obtained as compared to 
an intermediate unit passage having a circular inner 
surface in cross-section, which in turn can obtain a high 
heat exchanging performance. Concretely, it is prefera- 
ble to have a plurality of inner fins extending in a longi- 
tudinal direction of the tube on a square-based inner 
surface in cross-section. In this case, in addition to an 
increase in the heat transmission area caused by the 
inner fins, an even higher heat exchanging performance 
can be obtained. 

A heat-exchanger having the above-mentioned 
multi-bored flat tube can improve a breaking strength 
against a small articl such as a stones which hits the 



tube, and can maintain a high heat transmission per- 
formance and a low pressure loss. 

Other objects, features and advantages of the 
present invention will now be clarified by the following 
5 explanation of the preferred embodiments. 

BRIEF EXPLANATION OF THE DRAWINGS 

Figs. 1A and 1B show a tube of an embodiment 
10 according to the present invention, wherein Fig. 1 A is a 
cross-sectional view thereof, and Fig. 1 B is an enlarged 
cross-sectional view of the lateral end portion thereof. 

Fig. 2A is a part of cross-sectional view of a heat 
exchanger core including the tubes and fins, and Fig. 
is 2B is an enlarged cross-sectional view of the lateral end 
portion thereof against which a stone hits. 

Figs. 3A and 3B show a heat exchanger, wherein 
Fig. 3A is a front view thereof, and Fig. 3B is a top plan 
view thereof. 

zo Fig. 4 is a graph showing examination results of the 
strength. 

Fig. 5 is a graph showing examination results of the 
radiation amount. 

Fig. 6 is a graph showing examination results of the 
25 pressure loss of the heat exchanging medium. 

Figs. 7A and 7B show a second embodiment of the 
tube according to the present invention, wherein Fig. 7A 
is a cross-sectional view of the tube, and Fig. 7B is an 
enlarged cross-sectional view of the lateral end portion 
30 thereof. 

Fig. 8 is a cross-sectional view of a third embodi- 
ment of the tube according to the present invention, 

Fig. 9 is a cross-sectional view of a forth embodi- 
ment of the tube according to the present invention, 

35 Figs. 10A and 10B show a fifth embodiment of the 
tube according to the present invention, wherein Fig. 
1 0A is a cross-sectional view of the tube, and Fig. 10B 
is an enlarged cross-sectional view of the lateral end 
portion thereof. 

40 Fig. 1 1 A is a part of cross-sectional view of a heat 
exchanger core including the tubes and fins, and Fig. 
11B is an enlarged cross-sectional view of the lateral 
end portion thereof. 

Figs. 12A and 12B show a sixth embodiment of the 

45 tube according to the present invention, wherein Fig. 
1 2A is a cross-sectional view thereof, and Fig. 12B is an 
enlarged cross-sectional view of the lateral end portion 
thereof. 

Figs. 13A and 13B show a seventh embodiment of 
so the tube according to the present invention, wherein 
Fig. 13A is a cross-sectional view thereof, and Fig. 13B 
is an enlarged cross-sectional view of the lateral end 
portion thereof. 

Figs. 14A-14C show related art, wherein Fig. 14A is 
55 a cross-sectional view of a conventional tube, Fig. 14B 
is a partial cross-sectional view of a heat exchanger 
core including the tubes and fins, and Fig. 14C is an 
enlarged partial cross-sectional view of the tube to 
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which a stone hit. 

Figs. 15A-15B show other related art, wherein Fig. 
15A is a cross-sectional view of a partial cross-sectional 
view of a heat exchanger core including the tubes and 
fins, and Fig. 15B is an enlarged partial cross-sectional 
view thereof. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A preferred embodiment of the present invention 
will now be described with reference to the accompany- 
ing drawings. 

The multi-bored flat tube for use in a heat 
exchanger of the embodiment and a heat exchanger 
including the tubes are preferably used as a condenser 
for an automobile air conditioner. 

Fig. 3 shows a heat exchanger of a so-called multi- 
flow type that includes a plurality of multi-bored flat 
tubes 1 each having a certain length, fins 2 interposed 
between the tubes 1 , and a pair of hollow headers 3, 3 
to which the ends of the tubes 1 are connected. Each 
header 3 is divided by a partition 4 into upper and lower 
chambers. A heat exchanging medium flows into the left 
hand header 3 through an inlet 5 connected to the upper 
portion of the header, passes through the tubes 1 in a 
zigzag manner, and flows out of the right hand header 3 
through an outlet 6 connected to the lower portion of the 
header 3. 

First embodiment: 

Figs. 1 and 2 show a multi-bored flat tube 1 of the 
first embodiment used in the above-mentioned heat 
exchanger. 

The tube 1 is an aluminum extruded article. As 
shown in Fig. 1 A and 1 B, the peripheral wall 7 is formed 
to have an elongated circular cross-sectional shape. A 
plurality of divisional walls 8 are provided in the tube 1 
to form a plurality of unit passages 11, 11b, 11a 
arranged in the lateral direction of the tube 1 . The divi- 
sional walls 8 connect flat wall portions 9, 9 of the 
peripheral wall 7 faced with each other at a certain dis- 
tance. 

This tube 1 has rounded sidewall portions 10, 10 at 
the lateral end portions of the tube. The sidewall portion 
1 0 is formed to be thicker than the flat wall portion 9. For 
example, the maximum thickness t2 of the sidewall por- 
tion 10 can be designed to be 0.7 mm where the thick- 
ness t1 of the flat wall portion 9 is 0.35 mm. 

The inner surface of each of the outermost unit pas- 
sages 11 a, 11a is formed to be a circumferentialty 
smooth curved shape in cross-section. In this embodi- 
ment, the unit passage 11a is formed to be an elon- 
gated circular cross-sectional shape, but it may be 
formed to be an elliptical shape or a perfect circular 
shape. Each intermediate unit passage 1 1b adjacent to 
the outermost unit passage 11a, i.e., the second pas- 



sage 11b from the lateral end of the tube 1, has a 
rounded, r semi-circular, inner surface at the outer- 
most unit passage side and a rectangular inner surface 
at the other side. As shown in Fig. 1 B, each radius cur- 

5 vature R of the curved inner surfaces 12, 12, 12, 12 
located at connecting portions between the outermost 
dividing wall 8 and the flat wall portions 9 is preferably 
designed to be approximately half of the height h of the 
unit passages 11. 

10 The fin 2 is an aluminum corrugate fin. As shown in 
Fig. 2A, the fin 2 is disposed between adjacent tubes 1 , 
1 such that one lateral end of the fin 2 protrudes from 
one lateral end of the tube 1 toward leeward side. In the 
embodiment shown in Fig. 2A, the width of the fin 2 is 

is the same as that of the tube 1 and, therefore, the other 
lateral end of the fin 2 is indented from the other lateral 
end of the tube 1 at rearward side. However, the width of 
the fin 2 may be designed to be larger than that of the 
tube 1 so that one lateral end of the fin 2 protrudes from 

20 one lateral end of the tube 1 toward windward side and 
the other lateral end is not indented from the other lat- 
eral end of the tube 1 at rearward side. 

When the above-mentioned heat exchanger is used 
as a condenser for an automobile air conditioner, the 

25 heat exchanger may be hit by a stone passed through a 
radiator grill of the automobile. In this case, however, the 
rounded sidewall portion 10 is prevented from being 
destroyed by the stone because the thickness of the 
rounded sidewall portion 10 at the windward side is 

30 larger than that of the flat wall portion 9. Further, the 
rounded sidewall portion 10 is also prevented from 
being heavily deformed by the stone, and a stress con- 
centration on connecting portions between the outer- 
most dividing wall 8 and the flat wall portion 9 is 

35 decreased due to the stress concentration decreasing 
effect of the curved inner surfaces 1 2, 1 2, 1 2, 1 2, which 
prevents the peripheral wall 7 at the connecting portions 
from being damaged. Fig. 2B shows a stone hitting the 
rounded sidewall portion 10. 

40 In addition, since the thicknesses of the flat wall 
portions 9, 9 are kept relatively thinner, an optimal heat 
transmission performance can be maintained and a 
weight increase can be decreased, resulting in a light- 
weight heat exchanger. Further, the structure does not 

45 cause an increase in the pressure loss of the heat 
exchanging medium. The fins 2 can also receive a stone 
to protect the tubes 1. 

The following four types of condensers were pre- 
pared to compare the strength thereof. First, a c6n- 

so denser C1 having tubes 1 of the present invention 
shown in Fig. 1A and fins 2 interposed between adja- 
cent tubes was prepared. One lateral end of the fin 2 
protruded from one lateral end of the tube 1 toward 
windward side. Second, a condenser C2 having the 

55 tubes 1 and fins 2 interposed between adjacent tubes 
was prepared. One lateral end of the fin 2 did not pro- 
trude from one lateral end of the tube 1 toward wind- 
ward sid . Third, a condenser C3 having the 
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conventional tubes 51 shown in Fig. 1 4 and fins 57 inter- 
posed between adjacent tubes was prepared. On lat- 
eral end of the fin 57 protruded from one lateral end of 
the tube 51 toward windward side. Fourth, a condenser 
C4 having the conventional tubes 51 and fins 57 inter- 
posed between adjacent tubes was prepared. One lat- 
eral end of the fin 57 did not protrude from one lateral 
end of the tube 57 toward windward side. These four 
condensers C1 , C2, C3, C4 were laid down and various 
sizes of steal weights were dropped from various 
heights on the condensers. Each steal weight had a 
size smaller than a distance between the adjacent tubes 
of the condensers. The results are shown in a graph 
shown in Fig. 4. In the graph, the vehicle velocity corre- 
sponds to the falling velocity of the weight just before 
the weight contacts the condenser. 

From the results, it was confirmed that the tube 1 
according to the present invention can be prevented 
from being deformed or broken by a stone as compared 
to the conventional tube 51 . Further, a lateral end of the 
fin 2 protruding toward the windward side can effectively 
prevent a tube from being deformed or broken. 

The heat radiation rate and the pressure loss of the 
heat exchanging medium were also measured for each 
condenser. The results are shown in Figs. 5 and 6. Rom 
the results, it was confirmed that the heat radiation rate 
and the pressure loss of the condensers C1 and C2 
were as good as those of the conventional condensers 
C3 and C4. 

Second embodiment: 

Fig. 7 shows a second embodiment of a mufti-bored 
flat tube according to the present invention. This 
embodiment differs from the first embodiment only in 
that the second unit passages 11b, 11b from lateral 
ends of the tube 1 are also formed to have a rectangular 
cross-sectional shape. 

Since each of the outermost unit passages 11a, 
1 1a is formed to have a circumferentially smooth curved 
shape in cross-section, a stress concentration on con- 
necting portions between the outermost dividing wall 8 
and the flat wall portion 9 decreases due to the stress 
concentration decreasing effect of the curved inner sur- 
faces 12, 12, which prevents the peripheral wall 7 at the 
connecting portions from being destroyed. 

Further, since each of the intermediate unit pas- 
sages 11 is formed to have a rectangular shape in 
cross-section, the thickness of each portion can be thin- 
ner, thereby lightening the weight of the tube 1 , resulting 
in a light weight heat exchanger. Further, the heat 
exchanging performance can be improved by increas- 
ing the contact area with a heat exchanging medium, as 
compared to a tube having intermediate unit passages 
each having a round shape in cross-section. 

Since the other portions are the same as in the first 
embodiment, the explanation thereof will be omitted by 
giving the same numeral to the corresponding portion. 



Third embodiment: 

Rg. 8 shows a third embodiment of a multi-bored 
flat tube according to the present invention. In this, 

s embodiment, all intermediate unit passages 11 are... 
formed to have a triangular cross-sectional shape, 
respectively. The adjacent unit passages 1 1 , 1 1 are dis- 
posed upside down {i.e., inverted). The thickness of 
each rounded sidewall portion 10 located at the lateral 

10 end of the tube 1 is approximately the same as that of 
the flat wall portion 9. 

In this embodiment, each of the outermost unit pas- 
sages 11a, 11a is formed to have a circumferentially 
smooth curved shape in cross-section. Therefore, a 

is stress concentration on connecting portions between 
the outermost dividing wall 8 and the flat wall portion 9 
is decreased due to the stress concentration decreasing 
effect of the curved inner surfaces 12, 12, which pre- 
vents the peripheral wall 7 at the connecting portions 

20 from being damaged. 

Since each intermediate unit passage 11 has a tri- 
angular cross-sectional shape, the thickness of each 
portion can be thinner, thereby lightening the weight of 
the tube 1 , resulting in a light weight heat exchanger, as 

25 in the same manner in the first and second embodi- * 
merits. Further, the heat exchanging performance can A 
be improved by the large contact area with a heat 
exchanging medium, as compared to a tube having 
intermediate unit passages each having a round shape 

30 in cross-section. 

Since the other portions are the same as in the first 
embodiment, the explanations thereof will be omitted by 
giving the same numerals to the corresponding por- 
tions. 

35 

Fourth embodiment: 

Rg. 9 shows a fourth embodiment of a multi-bored 
flat tube according to the present invention. In this 

40 embodiment, all intermediate unit passages 11 are 
formed to have a trapezoidal cross-sectional shape, 
respectively. The adjacent unit passages 11, 11 are 
again disposed upside down. The thickness of each 
rounded sidewall portion 10 located at the lateral end of 

45 the tube 1 is approximately the same as that of the flat * 
wall portion 9. 

In this embodiment, each of the outermost unit pas- 
sages 11a, 11a is formed to have a circumferentially 
smooth curved shape in cross-section. Therefore, a 

so stress concentration on connecting portions between 
the outermost dividing wall 8 and the flat wall portion 9 
decreases due to the stress concentration decreasing 
effect of the curved inner surfaces 12, 12, which pre- 
vents the peripheral wall 7 at the connecting portion 

55 from being damaged. 

Since each intermediate unit passage 1 1 has a 
trapezoidal cross-sectional shape, the thickness of each 
portion can be thinner, thereby lightening the weight of 
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the tube 1 , resulting in a light weight heat exchanger, as 
in the sam manner in the third embodiment Further, 
the heat exchanging performance can be improved by 
the large contact area with a heat exchanging medium, 
as compared to a tube having intermediate unit pas- s 
sages each having a round shape in cross-section. 

Since the other portions are the same as in the first 
embodiment, the explanations thereof will be omitted by 
giving the same numerals to the corresponding por- 
tions. Fifth embodiment: 10 

Figs. 10 and 1 1 show a fifth embodiment of a multi- 
bored flat tube 1 according to the present invention. 
This tube 1 is an aluminum extruded formed article as in 
the third and fourth embodiments. 

The multi-bored flat tube 1 has a pair of outermost is 
unit passages 1 1 a, 11 a and intermediate unit passages 
11 therebetween. Each intermediate unit passage 11 
has a rectangular-based inner surface in cross-section 
having a plurality of triangular cross-sectional inner fins 
15 continuously formed along the inner surface and 20 
extending in the longitudinal direction of the tube 1. As 
clearly shown in Fig. 1 0A, an inclined inner surface 16 is 
formed at each corner of the rectangular-based inner 
surface in cross-section. 

In this tube 1 , each outermost unit passage 1 1a is 25 
formed to have a perfect circular shape. 

Because the flat tube 1 has a plurality of inner fins 
15 formed on the rectangular-based inner surface of the 
intermediate unit passage 11, a contact area with the 
heat exchanging medium can be increased, whereby a so 
high heat exchanging performance can be obtained. 

The flat tube 1 has a plurality of dividing walls 8 
connecting the flat wall portions 9, 9, which divide the 
inner space of the tube 1 into a plurality of unit passages 
11,11a, thereby being superior in pressure resistance. 35 

In this embodiment each of the outermost unit pas- 
sages 11a, 11a is formed to have a circular shape in 
cross-section. Therefore, a stress concentration on con- 
necting portions between the outermost dividing wall 8 
and the flat wall portion 9 is decreased due to the stress 40 
concentration decreasing effect of the curved inner sur- 
faces 12, 12, which prevents the peripheral wall 7 at the 
connecting portions from being damaged. The outer- 
most connecting portions are not sufficiently reinforced 
by the corrugate fins 2 as compared to the other con- 45 
necting portions. However, because each outermost 
unit passage 11a is formed to have a circular shape in 
cross-section, a breakage of the connecting portions 
between the outermost dividing wall 8 and the flat wall 
portion 7 can be prevented due to the stress concentra- so 
tion diminishing effects, which in turn enhances inner 
pressure resistance performance of the tube 1. Espe- 
cially, when the outermost unit passage 1 1a is formed to 
have a perfect circular shape, the inner pressure of the 
heat exchanging medium passing through the unit pas- ss 
sage can be equalized on the inner surface of the outer- 
most unit passage 11a, resulting in extremely high 
pressure performance. 



Because each outermost unit passage 11a has a 
circular cross-sectional shape to decrease a stress con- 
centration at the connecting portions between the outer- 
most dividing wall 8 and the peripheral wall 7, even if a 
stone hits the tube, damage at the connecting portions 
and a breakage of the tube 1 can be effectively pre- 
vented. 

In addition, because each outermost unit passage 
11a is formed to have a circular cross-sectional shape 
and each intermediate unit passage 11 has a rectangu- 
lar-based cross-sectional shape, each portion of the 
tube 1 can be thin, which can lighten the weight of the 
tube 1 , resulting in a light weight heat exchanger. Fur- 
ther, the heat transferring area can be kept larger, as 
compared to an intermediate unit passage having a cir- 
cular cross-sectional shape. In addition, because each 
intermediate unit passage 1 1 has a plurality of inner fins 
15, the heat transferring area can be increased, result- 
ing in a high heat exchanging performance. 

Because an inclined inner surface 16 is formed at 
each corner of the intermediate unit passage 11, {he 
thickness of the dividing wall 8 can be thin, which can 
lighten the weight of the tube 1 and enhance the pres- 
sure resistance of the tube 1 . 

The inclined inner surface 16 can enlarge the dis- 
tance between the stress concentration portions A, A at 
the dividing walls 8 except for the outermost dividing 
wall 8. This decreases a stress concentration at the 
connecting portions between the dividing walls 8 and 
the peripheral wall 7. As for the outermost dividing walls 
8, a stress concentration at connecting portions 
between the outermost dividing wall 8 and the periph- 
eral wall 7 can also be decreased because the outer- 
most unit passage 11a has a circular cross-sectional 
shape with no stress concentration portion and the dis- 
tance between the stress concentration portion A of the 
outer most dividing wall 8 and the central portion C of 
the outermost dividing wall 8 is large. Therefore, the 
tube 1 has a good pressure resistance. Because high 
pressure resistance is obtained by forming the inclined 
inner surfaces 16, the thickness of the dividing waH 8 
can be thinner. As a result, a light weight tube can be 
obtained. 

In other words, the weight of the tube 1 can be 
lighter where the pressure resistance remains the 
same, or the pressure resistance can be improved 
where the weight remains the same. 

Destructive tests were conducted on the tube 
shown in Fig. 10 and the conventional tubes shown in 
Figs, 14 and 15. The results were as follows. Assuming 
that the pressure at which the conventional tubes were 
broken was 100, the pressure of the embodiment shown 
in Fig 10 was 120. It was confirmed that the pressure 
resistance of the tube shown in Fig. 1 0 was an improve- 
ment compared to the conventional tubes. 

In this embodiment, each outermost unit passage 
11a has a perfect circular shape, however, it may have a 
circurnferentially smooth curved shape in cross-section 
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such as an elliptical shape or an elongated circular 
shape. Continuously f rmed inner fins 15 each having a 
triangular cross-sectional shape are shown in the 
embodiment. Howev r, the inner fin may have various 
kinds of cross-sectional shapes. Further, the inner fin 15 
may be formed on one of the dividing walls 8 or the 
peripheral walls 7, or may also be discontinuously 
formed. Sixth Embodiment: 

Figs. 12A-12B shows a sixth embodiment of a 
multi-bored fiat tube 1 according to the present inven- 
tion. 

The inner surface of each outermost unit passage 
11a is formed to be a circumferentially smooth curved 
shape in cross-section as in the same manner shown in 
the other embodiments. Each intermediate unit pas- 
sages 11 has a star-like shape, in detail, a circular- 
based inner surface in cross-section having a plurality of 
triangular cross-sectional inner fins 15 continuously 
formed along the inner surface and extending in the lon- 
gitudinal direction of the tube 1 . 

Because the flat tube 1 has a plurality of inner fins 
15 formed on the circular-based inner surface of the 
intermediate unit passage 11, the pressure resistance 
is good. In addition, the contact area with the heat 
exchanging medium can be kept large, whereby a high 
heat exchanging performance can be obtained. 

The flat tube 1 has a plurality of dividing walls 8 
connecting the flat wall portions 9, 9, which divide the 
inner space of the tube 1 into a plurality of unit passages 
11,11a, thereby being superior in pressure resistance. 
Further, each outermost unit passage 11a is formed to 
have a circumferentially smooth curved shape in cross- 
section. Therefore, a stress concentration on connect- 
ing portions between the outermost dividing wall 8 and 
the flat wall portion 9 can be decreased, which prevents 
the peripheral wall 7 at the connecting portions from 
being destroyed. 

Because each outermost unit passage 11a is 
formed to have a drcumferentially smooth curved shape 
in cross-section, a breakage of the connecting portions 
between the outermost dividing wall 8 and the flat wall 
portion 7 can be prevented due to the stress concentra- 
tion diminishingr effects, which in turn enhances inner 
pressure resistance performance of the tube 1 . Espe- 
cially, when the outermost unit passage 1 1a is formed to 
have a perfect circular shape, the inner pressure of the 
heat exchanging medium passing through the unit pas- 
sage 11a can be equalized on the inner surface of the 
outermost unit passage 11a, resulting in extremely high 
pressure performance. 

Because each outermost unit passage 11a has a 
circumferentially smooth curved shape in cross-section 
to decrease stress concentration at the connecting por- 
tion between the outermost dividing wall 8 and the 
peripheral wall 7, even rf a stone hits the tube, damage 
at the connecting portions and breakage of the tube 1 
can be effectively prevented. 

In th embodiment; each outermost unit passage 



1 1a has a perfect circular shape, however, it may have a 
circumferentially smooth curved shape in cross-section, 
such as an elliptical shape or an elongated circular 
shape. Continuously formed inner fins 1 5 each having a 
5 triangular cross-sectional shape are shown in the 
embodiment. However, the inner fin may have various 
kinds of cross-sectional shapes. Further, the inner fin 15 
may also be discontinuously formed. 

w Seventh embodiment: 

Figs. 13A-13B show a seventh embodiment of a 
multi-bored flat tube according to the present invention. 
This embodiment differs from the sixth embodiment 
is only in that the outermost unit passages 11a, 11a are 
also formed to have a star-like cross-sectional shape, 
respectively. 

The flat tube 1 has a plurality of circular-based unit 
passages 11 including the outermost unit passages 

20 11a, thereby being superior in pressure resistance, in 
addition, because a plurality of inner fins 15 are formed 
on the inner surface of all of the unit passages 11,11a, 
the contact area with the heat exchanging medium can 
be increased, whereby a high heat exchanging perform- 

25 ance can be obtained. 

The flat tube 1 has a plurality of dividing walls 8 
connecting the flat wall portions 9, 9, which divide the 
inner space of the tube 1 into a plurality of unit passages 
11, 11a, thereby being superior in pressure resistance. 

30 Further, each outermost unit passage 11a is formed to 
have a circular-based cross-sectional shape. Therefore, 
a stress concentration on connecting portions between 
the outermost dividing wall 8 and the flat wall portion 9 
is decreased, which prevents the peripheral wall 7 at the 

35 connecting portions from being destroyed. 

Because each outermost unit passage 11a is 
formed to have a circular-based shape in cross-section, 
a breakage of the connecting portions connecting the 
outermost dividing wall 8 and the flat wall portion 7 can 

40 be prevented due to stress concentration diminishing 
effects, which in turn enhances inner pressure resist- 
ance performance of the tube 1 mounted in a heat 
exchanger. 

Especially, when the tube 1 is used in a condenser 
45 for an automobile air conditioner, even if a stone hits the 
tube, damage at the connecting portions between the 
outermost dividing wall 8 and the peripheral wall 7 and 
breakage of the tube 1 can be effectively prevented. 
In the embodiment, each unit passage 11, 11a has 
so a circular-based shape having a plurality of inner fins, 
however, it may have an elliptical-based shape or an 
elongated circular-based shape. Continuously formed 
inner fins 1 5 each having a triangular cross-section are 
shown in the embodiment. However, the inner fin may 
55 have various kinds of cross-sectional shapes. Further, 
the inner fin 1 5 may also be discontinuously formed. 

The flat tube according to the present invention is 
not limited to a tube for use in a condenser for an auto- 
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mobile air conditioner, and can be used as a tube for 
use in various kinds f heat exchangers such as. for 
example, an outdoor heat exchang er for a room air con- 
ditioner^ i-~ 

The terminology "circular" used herein is not limited 
to exact or perfect circles, but encompasses generally 
circle-like shapes, e.g., rounded shapes, but the most 
preferred embodiments having such shapes include 
perfect circles or substantially perfect circles. Similarly, 
the terminology rectangular, triangular, trapezoidal, 
elliptical, etc., is not limited to exact or perfect rectan- 
gles, triangles, trapezoids, ellipses, etc., but the most 
preferred embodiments having such shapes include 
exact or perfect shapes or substantially exact or perfect 
shapes. 

In the above-mentioned embodiments, the tubes 
are used in a multi-flow type heat exchanger. However, 
the tubes may also be used in a serpentine type heat 
exchanger in which a tube is bent in a zigzag manner. 

In the above-mentioned embodiments, the outer fin 
disposed between adjacent tubes 1 is an corrugate fin, 
but is not limited to this. 

In the tube according to the present invention, since 
the outermost unit passage has a circular-based inner 
surface in cross-section, a stress concentration on con- 
necting portions between the outermost dividing wall 
and the peripheral wall can be decreased. Accordingly, 
a high pressure resistance can be obtained throughout 
the tube. In a heat-exchanger using the multi-bored flat 
tube, a high pressure resistance can be obtained by the 
structure even at both lateral ends of the tube where 
reinforcing effect by the outer fins is not enough. 

Further, a stress concentration on connecting por- 
tions between the outermost dividing wall and the 
peripheral wall can be reduced even when a small arti- 
cle such as a stone hits the tube. Consequently, the 
peripheral wall at the connecting portions can be pre- 
vented from being damaged, resulting in a superior 
breaking strength against an outside stress caused 
when a small article such as a stone hits the tube. 

Each of the intermediate unit passages is designed 
to have a non-circular inner surface in cross-section. 
This can prevent the thickness of upper and lower por- 
tions of the dividing wall from being thickened, as com- 
pared to an intermediate unit passage having a circular- 
based inner surface, which results in a decreased 
amount of material forming the tube, thereby decreas- 
ing the weight and cost of the tube, In addition, within a 
limited thickness of the tube, a larger contact area with 
the heat exchanging medium can be obtained as com- 
pared to an intermediate unit passage having a circular 
inner surface, which in turn can obtain a high heat 
exchanging performance. 

The abova effects can also be obtained by the out- 
ermost unit passage having a circumferentially smooth 
curved shape in cross-section. 

In a tube that has an outermost unit passage of a 
star-lik shape in cross-section having a plurality of 



inner fins extending in a longitudinal direction of the 
tube, the same functions and effects can b obtained. 
Because a plurality of inner fins are formed on the inner 
surface of the outermost unit passage, a contact area 

5 with a heat exchanging medium in the outermost unit 
passage can be enlarged, thereby improving a heat 
exchange performance. 

In a tube having an intermediate unit passage 
which is adjacent to the outermost unit passages and 

w has a semi-circular inner surface at the outermost unit 
passage side, a stress concentration on the connecting 
portions between the outermost dividing wall and the 
peripheral wall can be decreased to improve the 
strength, whereby the peripheral wall at the connecting 

15 portions can effectively be prevented from being bro- 
ken. 

If a sidewall portion has a rounded shape and is 
formed relatively thicker than the flat wall portions, the 
sidewall portion can be prevented from being broken or 

20 deformed when small article such as a stone hits the 
tube. In addition, since the thickness of the flat wall por- 
tions is kept relatively thin, an optimal heat transmission 
performance can be maintained and a weight increase 
can be decreased, resulting in a light-weight heat 

25 exchanger. Further, the structure does not cause an 
increase in the pressure loss of the heat exchanging 
medium. 

Similar effects can be obtained by the intermediate 
unit passage having a square, triangular, or trapezoidal 
30 shape in cross-section. 

A high performance of pressure-resistance and a 
large heat transmission area can be obtained by the 
intermediate unit passage having a circular-based 
cross-sectional shape with a plurality of inner fins 
35 extending in a longitudinal direction of the tube. The 
intermediate unit passage may have a star-like shape in 
cross-section. 

Superior destructive strength against outer stress 
can be obtained by a multi-bored flat tube for use in a 
40 heat-exchanger comprising: 

a peripheral wall including flat wall portions facing 
with each other at a certain distance and sidewall 
portions connecting ends of the flat wall portions; 
45 and 

dividing walls connecting the flat wall portions and 
dividing an inside space defined by the peripheral 
wall to form a plurality of unit passages arranged in 
a lateral direction of the tube, 
so wherein the plurality of unit passages 

include outermost unit passages located at both lat- 
eral ends of the tube and intermediate unit pas- 
sages located between the outermost Unit 
passages, and 

55 wherein each of the outermost unit pas- 

sages has a circular-based inner surface in cross- 
section, and each of the intermediate unit passages 
has a modified cross-sectional shape. 
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In addition, within a limited thickness of the tube, a 
larger contact area with the heat exchanging medium 
can be obtained as compared to an intermediate unit 
passage having a circular inner surface in cross-sec- 
tion, which in turn can obtain a high heat exchanging 
performance. 

In a tube that includes outermost unit passages 
each having a circumferentially smooth curved shape in 
cross-section and intermediate unit passages each hav- 
ing a rectangular-based cross-section with a plurality of 
inner fins extending in the longitudinal direction of the 
tube, a stress concentration on connecting portions 
between the outermost dividing wall and the peripheral 
wall can be reduced when a small article such as a 
stone hits the tube. Consequently, the peripheral wall at 
the connecting portions can be prevented from being 
damaged, resulting in superior breaking strength 
against an outside stress caused when a small article 
such as a stone hits the tube. Further, when each inter- 
mediate unit passage has a rectangular-based shape 
having a plurality of inner fins extending in the longitudi- 
nal direction of the tube, the thickness of upper and 
lower portions of the dividing wall can be prevented from 
being thickened as compared to an intermediate unit 
passage having a circular-based inner surface, which 
results in a decreased amount of material, thereby 
decreasing the weight and cost of the tube. In addition, 
within a limited thickness of the tube, a larger contact 
area with the heat exchanging medium can be obtained 
as compared to an intermediate unit passage having a 
circular inner surface, which in turn can obtain a high 
heat exchanging performance. 

A heat exchanger including the above-mentioned 
multi-bored flat tubes has an improved strength against 
a stone which hits the tube, an excellent heat exchang- 
ing performance, and a low pressure loss. 

The present invention claims priority to patent appli- 
cation No. H9-142017 filed in Japan on May 30, 1997 
and to patent application No. H 10-69957 filed in Japan 
on March 19, 1998, the contents of which are incorpo- 
rated herein by reference. 

Although the invention has been described in con- 
nection with specific embodiments, the invention is not 
limited to such embodiments, and as would be apparent 
to those skilled in the art, various substitutions and 
modifications within the scope and spirit of the invention 
are contemplated; 

Claims 

1 . A multi-bored flat tube for use in a heat exchanger, 
comprising: 

a peripheral wall including flat wall portions fac- 
ing each other at a certain distance and side- 
wall portions connecting lateral ends of said flat 
wallporti ns;and 

dividing walls each connecting said flat wall 



portions and dividing an inside space defined 
by said peripheral wall into a plurality of unit 
passages arranged in a lateral direction of said 
tube, 

5 wherein said plurality of unit passages 

include outermost unit passages located at 
both lateral ends of said tube and intermediate 
unit passages located between said both outer- 
most unit passages, 

io wherein each of said outermost unit 

passages has a circular-based inner surface in 
cross-section, and 

wherein each of said intermediate unit 
passages has a non-circular-based inner sur- 

is face in cross-section. 

2. The multi-bored flat tube for use in a heat 
exchanges as recited in claim 1 , wherein each of 
said outermost unit passages has a circumferen- 
ce tially smooth curved inner surface in cross-section. 

3. The multi-bored flat tube for use in a heat- 
exchanger as recited in claim 1, wherein each of 
said outermost unit passages has a circular-based 

25 inner surface in cross-section and a plurality of 
inner fins formed on said inner surface and extend- 
ing in a longitudinal direction of said tube. 

4. The multi-bored flat tube for use in a heat- 
30 exchanger as recited in claim 1, wherein each of 

said intermediate unit passages adjacent to said 
outermost unit passages has an semi -circular inner 
surface at an outermost unit passage side. 

35 5. The multi-bored flat tube for use in a heat- 
exchanger as recited in claim 1, wherein each of 
said sidewall portions is formed to have a round 
shape in cross-section and is relatively thicker than 
said flat wall portions. 

40 

6. The multi-bored flat tube for use in a heat- 
exchanger as recited in claim 1, wherein each of 
said intermediate unit passages has a square 
cross-sectional shape. 

45 

7. The multi-bored flat tube for use in a heat- 
exchanger as recited in claim 1, wherein each of 
said intermediate unit passages has a triangular 
cross-sectional shape. 

50 

8. The multi-bored flat tube for use in a heat- 
exchanger as recited in claim 1, wherein each of 
said intermediate unit passages has a trapezoidal 
cross-sectional shape. 

55 

9. The multi-bored flat tube for use in a heat- 
exchanger as recited in claim 1, wherein each of 
said intermedial unit passages has a circular- 
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based inner surface in cross-section and a plurality 
of inner fins formed on said inner surface and 
extending in a longitudinal direction of said tube. 

10. The multi-bored flat tube for use in a heat- s 
exchanger as recited in claim 1, wherein each of 
said intermediate unit passages has a plurality of 
inner fins extending in a longitudinal direction of 
said tube. 

10 

11. A multi-bored flat tube for use in a heat exchanger, 
comprising: 

a peripheral wall including flat wall portions rac- 
ing each other at certain distance and sidewall is 
portions connecting lateral ends of said flat wall 
portions; and 

dividing walls each connecting said flat wall 
portions and dividing an inside space defined 
by said peripheral wall into a plurality of unit 20 
passages arranged in a lateral direction of said 
tube, 

wherein said plurality of unit passages 
include outermost unit passages located at 
both lateral ends of said tube and intermediate 25 
unit passages located between said both outer- 
most unit passages, 

wherein each of said outermost unit 
passages has a circular-based inner surface in 
cross-section, and 30 

wherein each of said intermediate unit 
passages has a modified inner surface in 
cross-section. 

12. The multi-bored flat tube for use in a heat- 35 
exchanger as recited in claim 1 1 , wherein each of 
said outermost unit passages has a circumferen- 
tially smooth curved inner surface in cross-section. 

13. The multi-bored flat tube for use in a heat- <o 
exchanger as recited in claim 11, wherein each of 
said intermediate unit passages has a square- 
based cross-sectional shape having a plurality of 
inner fins extending in a longitudinal direction of 
said tube. 45 

14. A heat-exchanger comprising: 

a plurality of multi-bored flat tubes disposed in 
a direction of a thickness of said tube at certain so 
intervals; 

a plurality of fins interposed between said adja- 
cent tubes; and 

a pair of headers each located at an end of said 
tube and connected with said tube in fluid com- ss 
munication, whereby a heat exchanging 
medium flows through more than two of said 
tubes at the same time, 



wherein said multi-bored flat tube 
includes: 

a peripheral wall including flat wall portions 
facing with each other at certain distance 
and sidewall portions connecting lateral 
ends of said flat wall portions; and 
dividing walls such connecting said flat 
wall portions and dividing an inside space 
defined by said peripheral wall into a plu- 
rality of unit passages arranged in a lateral 
direction of said tube, 

wherein said plurality of unit pas- 
sages include outermost unit passages 
located at both lateral ends of said tube 
and intermediate unit passages located 
between said both outermost unit pas- 
sages, 

wherein each of said outermost unit 
passages has a circular-based inner sur- 
face in cross-section, and 

wherein each of said intermediate 
unit passages has a non-circular inner sur- 
face in cross-section. 
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